The rate of generation of murine secondary influenza virus-immune cytotoxic T cells in vitro is enhanced under limiting dilution conditions at hyperthermal temperatures (39 versus 37°C). Increased mean values of cytotoxic activity were observed in the presence as well as absence of exogenous helper factors. Elevated cytotoxic activity at 39°C was observed after day 3 to day 5 of culture. The number of autoreactive cytotoxic cells observed was not greater at 39°C than at 37°C. Elevated temperature did not influence target cell lysis or release of isotopes from killed target cells. The results are discussed with a view to the role of fever in augmenting the cellular immune response responsible for the host defense against primary viral infection.
The molecular basis for fever in humans and animals is well understood (6) . Interleukin I, the predominant inducer of leukocyte pyrogen, the agent responsible for the induction of the febrile condition, is also an important factor in the induction of the immune response. Interleukin I is thought to be involved in the activation of T cells to produce lymphokines (8) .
There still exists, however, considerable controversy in regard to the beneficial or deleterious effects of the accompanying hyperthermia in a febrile response to host defense mechanisms in general and in immune responses in particular (11, 12, 18) .
A number of studies on primary in vitro immune responses in rodents under hyperthermal conditions demonstrated enhancement of both T-cell-dependent and -independent antibody production (10, 20) . One group (10) also demonstrated that the augmenting effect occurred early during induction of T helper cells, and little evidence for a direct effect on B cells has been obtained. There is evidence in the literature that hyperthermia enhances the proliferative response of mitogen-stimulated lymphocytes (3, 19) , amplifies macrophagemediated cytotoxicity but not macrophage-mediated bactericidal effects (1, 19) , and increases antibody-complement cytotoxicity (22) . This contrasts, however, with natural killer cell activity, which has been reported to decrease during hyperthermal conditions (4, 17) .
On the other hand, little is known of the effect of elevated temperatures on the generation of virus-immune cytotoxic T cells (Tc cells). Tc cells are of first importance in recovery from certain primary viral and bacterial infections (5) and have also been shown to be involved in recovery by mice from lethal influenza virus infection (14) . The A markedly different picture emerges from the microcultures (Fig. 1) . At showed an increased number of wells with higher values of specific target cell lysis than those at 37°C. This difference disappeared at day 6, and lysis values decreased slightly again at day 7 at both temperatures, probably also due to nutrient exhaustion in the cultures. The generation of effectors lysing uninfected targets does not seem to be as modulated by temperature as that of the virus-specific effectors (Fig. 1B) . Only on day 5 was a slight difference observed.
Limiting dilution analysis of memory Tc cells at 37 and 39°C in the presence or absence of exogenous help. It was of interest to investigate whether hyperthermia acts preferentially on Tc cells or T helper cells or whether it influences both T cell subpopulations. Graded numbers of memory influenza spleen cells obtained from a single animal were cocultured with a fixed number of infected, irradiated stimulator cells in duplicate microtiter wells (1 cell concentration per plate). Half of the wells of each plate (48 wells) were supplemented with CoS to a final concentration of 3% (vol/vol). One set of plates was incubated at 37°C and the other was incubated at 39°C for 4 days, after which the Tc cell activity for lysis of A/ WSN-infected P815 target cells of each individual well was estimated (Fig. 2) . Cytotoxic activity in all cases was higher in the plates incubated at 39°C, irrespective of the presence or absence of exogenous help. In the absence of CoS, a decline in the number of positive wells and also in strength of lytic activity was observed at 104 responder cells per well as compared with 5 x 103 responders per well, a phenomenon which was also observed by others (15) (Fig. 1A) . The difference was most marked at days 3, 4, and 5 and thus seems to indicate that the rate of generation of effector cells was accelerated and not necessarily that the number of detectable precursors had increased or that antigenic recognition was augmented at induction. The mere fact that all the wells became positive for cytotoxicity at days 5 and 6 in cultures incubated at 37°C does support the finding that elevated temperature decreases cell cycle time (3) . In the experiment shown in Fig. 1 , the higher mean values of lysis of wells incubated at 39°C most likely reflected the increased clone size of cytotoxic cells as all cultures were supplemented with exogenous helper factors derived from concanavalin Aactivated spleen cells. It was also apparent from the limiting dilution experiment in Fig. 2 that cytotoxicity was, on the average, substantially higher in wells incubated at 39°C than in those incubated at 37°C, irrespective of whether helper factor(s) was added or not. It cannot, however, be ascertained whether T cells providing help were also affected by higher temperatures from the experiments shown here. Of some interest is the phenomenon seen in the limiting dilution experiment without help (Fig. 2B) , in which reduction in positive wells was observed at a cell concentration of 104 cells per well as compared with a concentration of 5 x 103 cells per well. This was seen irrespective of the incubation temperature. If, as has been suggested by others (9, 15) , this was due to the action of suppressor cells, the overall balance of activity of suppressor, helper, and Tc cells seems not to be affected by hyperthermia.
The lysis of uninfected P815 targets was not augmented by an incubation temperature of 39°C (Fig. 1B) , except possibly on day 5. This increased lysis of uninfected targets from 39°C 5-day cultures, however, was not observed in repeat experiments. Thus, elevated temperatures did not necessarily cause an increase in cytotoxic cells with autolytic activity. Autoreactivity has been demonstrated in limiting dilution assays measuring precursor frequencies of influenza-specific Tc cells (13) , and fever has been postulated to be one cause of an increase in breakdown of self-tolerance (21) and accompanying autoaggression by the immune system. Finally, influenza-immune Tc cells were not more effective in target cell lysis at 39°C than at 37°C. This in part supports the conclusion reached from the kinetic study, namely, that antigen recognition per se was not augmented by hyperthermia.
In conclusion, hyperthermia increased the rate of generation of Tc cells to influenza virus and possibly also augmented generation of help. Therefore, fever early in an infection may prove to be beneficial by specifically enhancing the cellular immune response required to successfully combat a primary viral infection. ACKNOWLEDGMENTS I thank J. P. Mundy for excellent technical assistance, A. Kesson for critically reading the manuscript, and L. Hardy for typing the manuscript.
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